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1. Introduction 
Lactose synthetase A protein catalyses the transfer 
of D-galactosyl units from UDP-D-galactose to NAG *, 
forming N-acetyl-lactosamine, but in the presence of 
cY-lactalbumin this reaction is partially inhibited and 
galactosyl transfer to D-glucose, forming lactose, is 
favoured [l-4] . The A protein occurs in a wide 
variety of tissues in particulate form, but is found also 
in milk in soluble form [5]. An easy method for its 
purification [3,4,6] has yet to be described. This 
paper describes its purification in good yield from 
human milk by a procedure involving only gel filtra- 
tion and affinity chromatography [7] as the major 
steps. 
2. Materials and methods 
Human milk was collected during the period four 
to seven days postpartum and the cream removed 
by centrifugation at 10,000 g for 20 min. The skim 
milk was filtered through glass wool to remove fat 
particles and stored at -20”. Bio-Gel P-200 (IOO- 
200 mesh) (Calbiochem Ltd., London) and Sepha- 
rose 6B (Pharmacia (G.B.) Ltd., London) were tho- 
roughly washed and the fines removed before use. 
Sepharose-o-lactalbumin was prepared in 0.1 M 
NaHCO, by coupling purified bovine a-lactalbumin 
[S] to Sepharose 6B which had been activated with 
cyanogen bromide [9] and was extensively washed 
with 0.1 M NaHC03 containing M NaCl before use. 
It contained approximately 2.5 mg of cr-lactalbumin/ 
ml of gel. 
North-Holland Pu blishing Company - Amsterdam 
Lactose synthetase activity was determined by 
assaying spectrophotometrically the amount of UDP 
formed in the reaction from UDP-galactose [lo] . 
The standard assay contained, in a final volume of 
1 ml, 50 pmoles of tris-HCl, pH 7.5,4 pmoles of 
MnCl,, 1 pmole of phosphoenolpyruvate, 0.1 pmole 
of ATP, 0.2 pmole of NADH, 0.2 pmole of UDP- 
galactose, 0.5 mg of crude pyruvate kinase (type 1, 
Sigma London Chemical Co., Ltd., London), 80 
pmoles of D-glucose and 150 pg of purified human 
a-lactalbumin (prepared as described by Barman [8] 
for bovine cr-lactalbumin). The standard assay for 
N-acetyl-lactosamine synthetase contained 3 pmoles 
of NAG instead of the glucose and cw-lactalbumin. 
Assays were performed at 25”. One unit of enzyme 
is the amount of enzyme catalysing the formation 
of 1 pmole of UDP/min. 
Protein was estimated by the spectrophotometric 
procedure of Warburg and Christian [ 1 l] 
3. Results 
3.1. Purification procedure for A protein from human 
milk 
The procedure was carried out at O-5” throughout. 
A saturated solution (305 ml) of (NH&SO,, pre- 
viously adjusted to pH 6.8, was added slowly, with 
stirring, to human skim milk (250 ml). The precipi- 
tate was isolated by centrifugation at 15,000 g for 
*Abbreviation.. 
NAG: N-acetyl-D-glucosamine. 
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Fig. 1. Stage 3 of the purification scheme (table 1). Gel filtra- 
tion of a solution (33 ml) of (NH4)2S04 precipitate from 
human skim milk on a Sepharose 6B column (5 X 50 cm), 
equlibrated with 0.01 M tris-HCl, pH 7.5, containing 0.2 M 
KCl. -, E28Onm; o---o, lactose synthetase activity. 
Fractions were pooled as indicated by the bar. 
15 min and dissolved in 0.01 M tris-HCl, pH 7.5, 
giving 66 ml of turbid solution. This solution, in two 
equal portions, was submitted to gel filtration on a 
column of Sepharose 6B (fig. 1). Protein in the 
pooled fractions (269 ml) was concentrated by addi- 
tion of (NH,),SO, (105 g) and the precipitate iso- 
lated by centrifugation and dissolved in buffer (20 
ml) as before. The solution was dialysed against 
0.01 M tris-HCl, pH 7.5, for 4 hr to remove (NH&SO,, 
otherwise the salt caused contraction of the gel 
._ 
3 ml fractloni 
Fig. 2. Stage 5 of the purification scheme (table 1). Gel filtra- 
tion of a solution (16 ml) of partially purified lactose synthe- 
tase A protein on a Bio-Gel P-200 column (2.5 X 43 cm) equi- 
librated with 0.01 M tris_HCl, pH 7.5, containing 0.04 M KCl. 
--, E280 nm; o----o, lactose synthetase activity. Fractions 
were pooled as indicated by the bar. 
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Fig. 3. Stage 6 of the purification scheme (table 1). Affinity 
chromatography of a solution (72 ml) of partially purified 
lactose synthetase A protein on a column (1.1 X 23 cm) of 
Sepharose-a-lactalbumin equilibrated with 0.01 M tris-HCl, 
pH 7.5, containing 0.04 M KC1 and 3 mM NAG. Elution was 
continued with the same buffer after application of the 
sample until 76 fractions had been collected (arrow), then 
elution was with the tris buffer containing 0.04 M KC1 only. 
-, E280 nm; o-----o, lactose synthetase activity. 
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Fig. 4. Gel filtration of lactose synthetase A protein (0.43 mg) 
on a Bio-Gel P-200 column (2.5 X 43 cm) equilibrated with 
0.01 M tris-HCl, pH 7.5, containing 0.04 M KCl. -, E220 nm 
0 0, lactose synthetase activity. For estimation of its mole- 
cular weight, the A protein (50 pg) was added to myoglobin 
(mb; 0.5 mg), myoglobin dimer (mb2; 0.5 mg) and bovine 
serum albumin (sa; 5 mg) and the mixture run as above. The 
position of the A protein was determined by the lactose syn- 
thetase assay and the positions of the standard proteins by 
extinction measurements. The elution volume of the A pro- 
tein was 98 ml and those of the standard proteins (in ml) 
were as indicated by the arrows and figures. To study inter- 
action between the A protein and &lactalbumin, the mixture 
of A protein and standard proteins was run in the same buf- 
fer, with additions as described in the text. The elution vol- 
ume of A protein was shifted to 84 ml in the presence of & 
lactalbumin and NAG, whereas those of the standard proteins 
were unchanged. 
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Table 1 
Purification of lactose synthetase A protein from human milk. 
Stage 
Volume 
(ml) 
Protein 
(mg) 
Lactose 
synthetase 
activity 
(units) 
Recovery 
(%) 
Specific 
activity 
(units/mg 
of protein) 
Purifi- 
cation 
(1) Skim milk 
(2) (NH4)2SO4 precipitate (O-55% 
saturation) 
(3) Gel filtration on Sepharose 6B 
(4) (NH4)2SO4 precipitate (O-60% 
saturation) and dialysis 
(5) Gel filtration on Bio-Gel P-200 
(6) Affinity chromatography on 
Sepharose-a-lactalbumin 
250 4500 21.7 100 0.005 1 
66 2490 19.5 90 0.008 1.6 
269 603 19.7 91 0.033 6.6 
32 374 15.4 71 0.041 8.2 
72 84 10.8 50 0.129 26 
12 1.36 7.8 36 5.74 1150 
column and seriously reduced the flow-rate in the 
next gel filtration step. 
Gel filtration of the dialysed solution in two 
equal portions on a column of Bio-Gel P-200 (fig. 2) 
yielded a solution from the pooled fractions which 
was used for affinity chromatography on a column 
of Sepharose-o-lactalbumin (fig. 3) after addition 
of NAG to 3 mM concentration. Lactose synthetase 
A protein was retained on the column while other 
proteins were eluted with buffer containing 3 mM 
NAG, but was eluted sharply when the NAG was 
omitted from the buffer. The effluent fractions 
containing most of the A protein were free from 
NAG. 
Further details of the purification procedure are 
given in table 1. 
3.2. Fkoperties of the A protein preparation 
About 95% of the A protein preparation was 
eluted from a column of Bio-Gel P-200 as a single 
peak, with constant lactose synthetase specific acti- 
vity over the peak (fig. 4). Comparison of the gel 
filtration behaviour of the A protein with that of 
“standard” proteins of known molecular weight [ 121, 
as shown in fig. 4, indicated that its molecular weight 
is 40,000-42,000. Its behaviour was unchanged 
when run in buffer containing bovine a-lactalbumin 
(100 I.cglml) but in the presence of bovine o-lactalbu- 
min (100 or 200 pg/ml) plus NAG (3 mM or 6 mM) 
its elution volume corresponded to a molecular weight 
of about 60,000. 
Sedimentation velocity measurements in the Spinco 
Model E ultracentrifuge at 20”, using absorption optics 
and a solution of the A protein (0.15 mg/ml) in 0.01 M 
tris-HCl containing 0.1 M KCl, gave sedimentation co- 
efficients of 3.37 S and 3.52 S at 42,040 and 59,780 
rpm, respectively. 
The A protein showed characteristic [2] activities 
with D-glucose and NAG as galactosyl acceptor sub- 
strates at different cr-lactalbumin concentrations (fig. 
5). With 80 mM glucose as acceptor, activity in the 
lactose synthetase assay without added cu-lactalbumin 
was 3.4% of that in the presence of 150 pg/ml of 
added a-lactalbumin. 
O%--Tk-- 
Concn. of cc- lactaltw%, 
w/ml 
Fig. 5. Lactose synthetase (o-o) and N-acetyl-lactosamine 
synthetase (o---e) activities of purified lactose synthetase A 
protein at different human a-lactalbumin concentrations. 
Other substances in the assays were at the concentrations 
listed for standard assays in the Materials and methods set- 
tion. 
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4. Discussion Acknowledgements 
The purification procedure described above provides 
a fairly simple means of isolating lactose synthetase A 
protein from human milk in good yield. The conditions 
used for affinity chromatography are preferred to those 
mentioned by Trayer et al. [6] because the passage of 
A protein through the Sepharose-cY-lactalbumin 
column is retarded much more in the presence of NAG 
than in the presence of glucose, when either sugar is 
used at optimum concentration (P. Andrews, unpub- 
lished work). The product still showed activity in the 
lactose synthetase assay without added cY-lactalbumin, 
as does the A protein from cow’s milk [2-41. The 
specific activity of the product (table 1) indicates 
that human milk generally contains lo-20 mg of A 
protein/l. 
I thank Professor P.J. Huntingford, St. Mary’s 
Hospital Medical School, London, for arranging the 
supply of human milk, and Dr. G.C. Cheeseman for 
the ultracentrifuge measurements. 
Summary 
A fairly simple procedure for isolating lactose syn- 
thetase A protein from human milk in 36% yield is 
described. The A protein has a molecular weight of 
about 40,000. Its interaction with cu-lactalbumin in 
the presence of IV-acetylglucosamine has been demon- 
strated by affinity chromatography and gel filtration. 
The sedimentation coefficient of about 3.5 S for 
human milk A protein is consistent with the molecu- 
lar weight of about 40,000 estimated by gel filtration. 
A similar molecular weight recently reported for 
cow’s milk A protein was obtained in denaturing 
solvents [6] . The difference between these values 
and estimates of about 70,000 for both proteins 
[4, 131 may be due to dissociation phenomena [6] . 
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